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UHINGIRUNHATANANT, 2548)

58’5‘1” o r + L - annnilunsaiiluea
ﬂiﬂ‘%uuﬂlﬂﬂﬁﬁﬂ (Ultra acid) <3.5
NIATULTINN (Extremely acid) 3.5-45
N3AIANIN (Very strongly acid) 4.5-5.0
N3AIA (Strongly acid) 5.1-5.5
n3A114Na19 (Mqderately acid) 5.6-6.0
nsaEntlon (Slightly acid) 6.1-6.5
Wunana (Neutral) 6.6-7.3
A1aantiey (Slightly alkaline) 7.4-7.8
A1911UNa19 (Moderately alkaline) 7.9-8.4
@990 (Strongly alkaline) 8.5-9.0
ANIAUIN (Very strongly alkaline) >9.0

MINAN K. 2 WIATFIUTZAUBUNTo I TuAY (NSUWMUINAY, 2545)

5TAU g . Bum3piag (%)
&n <05
B 0.5-1.0
&1unan >1.0-1.5
1hunan >1.5-2.5
guunais >2.5-3.5
a9 >3545
qaun , >45
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MINA K. 3 52AU519e 113 TuANgNY19w1351 (Thainugul, 1986) #ALa391n Guha and Yeow,

1966 Pushparajah, 1977) 1182 Land Development Department, 1973)

L IZAUEINR NI AN
ANVAVDIAY . |
i ' dhupas g9
C (%) <0.5 0.5-1.5 1.6-2.5
N (%) <0.10 0.11-0.25 0.26-0.40
Total P (ppm) <250 250-350 351-600
Avail. P (ppm) <1l 11-30 > 30
Avail. K (ppm) <40 > 40 .
Exch. K (me/100 g) <0.30 0.30-0.45 >0.45
Exch. Ca (me/100 g) <0.30 >0.30 -
Exch. Mg (me/100 g) <0.30 >0.30 .
C.E.C. (me/100 g) <11 11-15 16-25

Y 7o o a @ Aa < a
9]151\1‘?] WN. 4 NUNUUNANNYANTNYITUVDIAU Tﬂﬂﬂill‘WV’JlN'lﬂﬂu (tan UDWIIITY, 2522)

swav | L o | Winawleavedaiidludsslen | Tudmdeadivannlaenld

o duN3eing

Nuaven (ppm) (ppm)
AN >0.5 >3 >30
i 0.5-1.0 3-6 . 30-60

' y

a1hunag 1.0-1.5 6-10 -
unana 1.5-2.5 10-15 60-90
guunag 2.5-3.5 15-25 -
9 3.5-4.5 25-45 90-120
qaun >4.5 >45 >120
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msen w5 YSua Tanzniin (ppm) neeusu i laluaumensinyasveailszimeanag

(Webber et al., 1984)

5 yHauazSinadanzyiin (ppm)
Uszmanmyiua
Cd Cu Fe Mn Ni Pb Zn
WS uere 2.0 100 : - 50 100 300
1w U 3.0 100 : c 50 100 300
83N Y 35 140 . L 35 550 280
! 2 280-
¥29U9IN9 3 UszmA | 2.0-3.5 | 100-140 E - 35-50 | 100-550
300

Waneme: - vaneda luiiosiuaueday

[l ' [ Y
msanw. 6 S Tangmin (ppm.) geganoeusulni 1dlunmnazneuiazldasluiu

N3N EAT(Webber et al., 1984)

yHauazSnalanzviiin (ppm)
szimea
Fe Cd Cu Mn Ni Pb Zn
naulsemauglsy | - 40 1,500 - 400 1,000 3,000
UAUIAL - 20 . : 180 500 1,850
AUNIIN - 8 = a 30 400 -
waidoy - 10 500 500 100 300 2,000
WS austar - 20 1,000 - 200 800 3,000
RERIAT! - 20 1,200 - 200 1,200 3,000
uosng - 10 1,500 500 100 300 3,000
50T aud - 10 600 . 100 500 2,000
Wunaua - 30 3,000 | 3,000 500 1,200 5,000
AIaesuaus - 30 1,000 . 200 1,000 1,000
It - 15 | 3,000 - 500 300 10,000
Frveanilszme | - 8-40 | 500-3,000 | 500-3,000 | 30-500 | 300-1,200 | 1,000
10,000

WaEme): - e imsdudueday
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513\““3%5%1]”?‘1]‘]&]5&! ﬂ]ﬁ‘ﬂﬂll'ﬂuﬂUa')ﬂﬂ']ﬂﬂzﬂﬂuu’uaﬂuﬁzﬂ']ﬂ;luﬂ\uﬁaﬂ']SlW]g‘]ﬂEnQGlﬂqq

maai w7 anlsnavesgangluduuazitimsienufluumaisgisludu @Gadnswnlansy)
(Forstner, 1991; Purves, 1977; Allaway, 1970; Alloway, 1990; Schlipkoter and

Brockhaus, 1988) 8130411 (gnu1e wilydnawau, 2545)

Au mnazney |  ilewaln o’
519) .

N b wlalasn mavIa 3 N o T
As 1-20 (0.1-50) 3-30 na. 2-1200 2-120 | 3-25(M.L)
B 10 (0.9-1000) 15-1500 na. 5-115 na. 10 (L)
cd 0.2-1 (<0.1-8) <1-3400 0.01-100 | 0.1-170 | 0.05-8 | 0.1-0.8 (M)
Co 8-10 (0.3-200) 1-260 30 1-12 5-12 0.3-24 (M)
Cr 50-100 | (0.9-1500) 8-4000 2-410 66-245 3-19 1-55 (M)
Cu 12-30 (<1-390) 50-8000 13-3580 1-300 n.a. 2-172 M,L)
Hg 0.03-0.06 | (>0.01-5) 0.1-55 0.1-21 001-1.2 | 03-3 | 0.01-0.03 (M)
Mn 450-1000 | (<1-18300) |  60-3900 500 40-200 na. 40-1200 (L)
Mo 12 (0.1-28) 1-40 8 0.1-60 =7 0.1-15 (L)
Ni 25-50 (0.1-1520) 6-5300 0.9-279 7-38 7-34 2-30 (M,L)
Pb 10-30 (<1-890) 29-3600 1.3-2240 7-225 2-27 20-1250 (L)
Zn 40-50 (1.5-2000) | 91-49000 82-5894 | 50-1450 1-42 | 10-500 (M,L)
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1991; Purves, 1977; Allaway, 1970; Alloway, 1990; Schlipkoter and Brockhaus, 1988)

Y = a o o
813091y (e wilydnanau, 2545)

anadutuitanualuszduilsnd j [
519) = = AIngaluAy iWuiiume
au Ny
TNy 0.1-50 0.1-5 20-40 AY, Wy
Tusou 2-100 30-75
uAALNoN 0.1-2 0.2-0.8 1-3 au
NBIAAY 2-100 4-15
goolsd | 30-300 2-20
Az C0.1-30 0.1-10 70-300 Ay, dad
son 0.1-1 n.a 2 au
uamie 100-4000 15-100
dnna 2-50 1 50-100 W (AU)
danzd 3-50 15-200 300-500 e
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Y3mnaduniaing (OM, %)

Woarosanmiuilszlawi

i

TwunaFannvanasula

(mg/kg) (mg/kg)
<0.5 = #un <6 = §1070 % 15 - g
05-14 = @ 6-12 = &1 15 - 40 = &
1.5-29 = ihwnan | 1325 = 1hunan 41 - 60 = 1unan
30-44 = 26-50 = q9 61- 120 = q9
>4.5 = qaun >50 = N > 120 = gaun

unaLsEN (Ca, mg/kg)

anuiunsailuaa (pH)

amsai W (Ec paste, ds/m)

< 50 AL
51100 = @
101-200 = 1wunag
201 - 2000 = @3

2001 -4000 = auN

< 45 = NIATUUI
45 -54 = nNIAIA
55-64 = nsmhunaig

< b
6.5-6.9 = NIAANUDY
7.0 = 11unane
>17.0 = an

<0-2 = 1iln¢
< 9

5 =4 = ALY
< Y

4-8 =  futley
<

8-16 = auunas
3 o

> 16 = IANIN
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A1INY 29

Tavean 21

Tnsiioy 79.4
Uson 0.10
daned 71

NoILAL 43.6
unina 439
UAAL ‘ 0.074
Az “ 54.6
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1. M39UN3831B9Y (Volatile Organic Compound)

1931 Gas Chromatography M393% Gas
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IHU¥DU

msueumAsTAAD 156 (Carbon . .
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12-lanae Tsdmu (1,2- i
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1,1-lanae Tsiensau (1,1- A N
- @oalaifv 0.5 ”
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Fa-1,2-lanao TsienFau (cis-1,2- v wn
c foaluinu 43 _
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n3md-1,2-lanae Tsiendau i
g Ao lifu 63 .
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lanae 155y (Dichloromethane) & foa iy 89 #

UONTAUEY (Ethylbenzene) # aoa i 230 »
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1,700

IAATEAAD 151IONTAY
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1933 Gas Chromatography N3933 Gas
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INARE )]
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2. Tangnsin (Heavy Metals)

1511y (Arsenic)

doaliinu 3

1438 Inductively Coupled Plasma-Atomic
Emission Spectrometry 13075
Inductively Coupled Plasma-Mass
Spectrometry 139315 Atomic Absorption,
Furnace Technique 15975 Atomic
Absorption, Gaseous Hydride n307%
Atomic Absorption, Borohydride
Reduction w?a?ﬁéuﬁnaumuquuaﬁy

!
MUY

upadisutazaslszney
unaliey (Cadmium and
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13995 Chelation/Extraction 1793594
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Replacement of fertilizers with sludge and rubber latex lutoid
for nursering poly-bag rubber’
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Orawan Siriratpiriya2 Suthon Chuaygud3 and Sattapong Chobkatanyoo4
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ABSTRACT

Replacement of fertilizers with sludge and rubber latex lutoid for nursering poly-bag rubber (budded
stump RRIM 600) was conducted at agricultural area tambon Saikhueng, Phrasang district, Suratthani
Province. The treatments were arranged in Randomized Complete Block Design (RCBD) with 5 replications.
The treatments were control, organic fertilizer cum rock phosphate fertilizer and chemical fertilizer, sludge
cum rubber latex Lutoid, and sludge cum rubber latex lutoid and chemical fertilizer. The result showed that
chemical fertilizer and organic fertilizer could be replaced by sludge cum rubber latex lutoid equally or better
off significantly. Both amendments could increase organic matter content, sufficiently supplied major
elements (N, P, K) and Mg for growth of poly-bag rubber (height, diameter, size of canopy and dry weight of
root) and basal application of rock phosphate fertilizer (170 grams/tree) in the field was not needed.
Moreover, investment cost for nursering poly-bag rubber by using sludge and rubber latex lutoid was 8 times
lower than that of organic fertilizer and chemical fertilizer.

KeyWord: Sludge, Rubber latex lutoid, Poly-bag rubber
O Siriratpiriya: Orawan.Si@chula.ac.th
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Table 1. Chemical properties of soil, 90 days poly-bag rubber

Control 455 0.29° | 0.02° 2.79° 15.67° 0.04°

Organic fertilizer+rock phosphate+chemical fertilizer | 573" | 3.17° | 0.08" | 1,505.5° | 654.00° | 0.22°

1

Sludge+rubber latex lutoid 5.42° 7.80° | 0.31° | 1,771.7° | 675.20° 0.27°

Sludge+rubber latex lutoid+chemical fertilizer 557° | 8.01° | 0.35° | 1,790.0° | 703.50° | 0.26°

Dif,ferent‘ by treatment

Note: Numbers followed by the same letter are not significantly different at 0.05 level according to DMRT
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Control AF+RF+F S+L

Figure 1 Growth of poly-bag rubber (90 days)

Note: AF = Organic fertilizer, RF = Rock phosphate fertilizer, S = Sludge, L = Rubber latex lutoid, F = Chemical fertilizer



Table 2. Growth of poly-bag rubber (90 days poly-bag rubber)

Size of canopy | Dry weight of
o 1 (cm) | Root (gmtree)
Control 13.36°+1.60 | 0.38°+0.04 | 12.86°+1.28 3.18
Organic fertilizer+rock phosphate+chemical fertilizer | 14.46™°+2.40 | 0.397+0.03 | 13.92°°+2.03 5.18
Sludge-+rubber latex lutoid 17.28™+1.70 | 0.46°£0.02 | 15.91°+0.90 6.38
Sludge+rubber latex lutoid+chemical fertilizer 18.40°£2.14 | 0.43%°+0.01 16.12°+0.20 7.40
Different by treatment | P<005 | P<005 | P<005 .

Note: Numbers followed by the same letter are not significantly different at 0.05 level according to DMRT
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Table 3. Cost of soil preparation for poly-bag rubber.

Cost (Bath/Bag)
Control 0
Organic fertilizer+rock phosphate+chemical fertilizer 3.1
Sludge+rubber latex lutoid 0.38
Sludge+rubber latex lutoid+chemical fertilizer 0.45

Note: Bag = 11.5x35 cm. bag size
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R'09 Twin World Congress

Resource Management and Technology for Material and Energy Efficiency
September 14-16, 2009

Nagoya /Japan and Davos / Switzerland

Held in conjunction with:

The World Resources Forum (WRF)

Aims and Scope

The R’World Congress series promotes innovative technologies and frameworks for resource management to improve
material and energy efficiencies in the production, use, and recycling of materials.

The R’09 Twin World Congress is an example and an experiment in resource management: Being held simultaneously
in two parts of the world — Davos in Switzerland and Nagoya in Japan — while all plenary lectures and discussions will
be shared using teleconferencing technology, this congress will avoid many intercontinental flights, which are known to
account for the greatest part of the resource demand of international congresses. Accompanying scientific research will
evaluate the actual savings in fossil fuels and CO, emissions. The first World Resources Forum (WRF 09) taking place in
Davos on the last day of the R’09 Congress will also be shared with the R’09 participants in Nagoya.

The R’09 Twin World Congress is the 9™ event in the bi-annual R’World Congress series, which started in 1993. It aims
to improve material and energy efficiencies in industry, including energy supply, cement and building materials,
metallurgical, chemical, glass, pulp and paper, machinery, the automobile and electronic industries as well as activities of
collection, sorting, further treatment and final disposal of post-consumer material. The factor information and therefore
the use of Information and Communication Technologies (ICTs) are of increasing importance in resource management
and will find special consideration at R'09.

Venue
R’09 will take place simultaneously at two venues in Japan and Switzerland.
Japan: Nagoya University
Switzerland: Davos Congress Center

Teleconferencing Systems for the Twin Congress

The main halls at the two venues will be connected by teleconferencing technology system for five hours from 8:00 to
13:00 in Switzerland and from 15:00 to 20:00 in Japan. All plenary lectures will be shared using the system. Several
on-line meeting rooms will be open to all participants during the whole congress.

Types of Contributions
Papers for oral presentations (15 min. plus 5 min. discussion)
Poster presentations (90x120 cm)
Proposals for workshops
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Organizing Committees

Steering Committee
e Dr. Xaver Edelmann, Empa; Switzerland
(Chairman of the Steering Committee)
Dr. Martin Birtel, Technology and Society Lab, Empa, Switzerland
Dr. Hans-Peter Fahmi, BAFU, Switzerland /
Prof. Kiichiro Hayashi, EcoTopia Science Institute, Nagoya University, Japan
Dr. Lorenz Hilty, Technology and Society Lab, Empa, Switzerland
Prof. Hideaki Itoh, EcoTopia Science Institute, Nagoya University, Japan
Mr. Martin Lehmann, Technology and Society Lab, Empa, Switzerland
Prof. Dr. Jinghai Li, Vice President, Chinese Academy of Sciences, China
Prof. Dr. Christian Ludwig, Swiss Federal Institute of Technology at Lausanne and Paul Scherrer Institut, Joint
Professorship on Solid Waste Treatment, Switzerland
Prof. Brajendra Mishra, Colorado School of Mines, USA
e Dr. Arthur Ruf, SATW, Swiss Academy of Engineering Sciences, Switzerland

Honorary Board of Patrons (R’09 Davos)
e Dr. Fnitz Schiesser, President, ETH-Board, Switzerland
Dr. Bruno M.C. Oberle, Director, Federal Office for the Environment, Switzerland
Prof. Dr. René Déndliker, President, Swiss Academy of Engineering Sciences, Switzeriand
Prof. Dr. Jinghai Li, Vice President, Chinese Academy of Sciences, China
Prof. Dr. Emst Mobhr, President of the University of St. Gallen, Switzerland
Prof. Dr. Joél Mesot, Director Paul Scherrer Institut, Switzerland
Prof. Dr. Reiner Kopp, Executive Board, acatech, Germany
Prof. Dr. Markku Wilenius, Senior Vice President, Allianz SE, Germany
State Secretary Dr. Mauro Dell'’Ambrogio, Director, State Secretariat for Education and Research, Switzerland
Prof. Dr. Gian-Luca Bona, CEO, Empa, Switzerland
Dr. Harry Lehmann, General Director, Federal Environment Agency, Germany

Honorary Board of Patrons (R’09 Nagoya)
e Prof. Shinichi Sakai, Environment Preservation Center, Kyoto University, Japan
Prof. Shinichiro Nakamura, Graduate School of Economics, Waseda University, Japan
Dr. Yuichi Moriguchi, National Institute for Environmental Studies, Japan
Prof. Ryoichi Yamamoto, Insitute of Industrial Science, University of Tokyo, Japan
Prof. Kiyoshi Okada, Tokyo Institute of Technology, Japan y
Prof. Tadashi Aoyagi, Mitsubishi Research Institute, Inc., Japan
Dr. Hiroyuki Yoshikawa President, National Institute of Advanced Industnal Science and Technology (AIST)
Japan
Prof. Yuko Arayama, Graduate School of Economics, Nagoya University, Japan
e Prof. Hironori Hamanaka, Chair, IGES Board of Directors, Institute for Global Environmental Strategu—.a (IGES)
Japan
e Prof. Seiichi Nakagawa The Institute of Electronics, Information and Communication Engineers / Toyohash
University of Technology, Japan
Prof. Sachihiko Harashina, Tokyo Institute of Technology, Japan
Prof. Kazuo Yamamoto Environmental Science Center, The University of Tokyo, Japan
Prof. Masaru Tanaka, Tottori University of Environmental Studies, Japan
Prof. Hiroshi Takatsuki Biotechnology Research Center, Ishikawa Prefectural University, Japan
Prof. Jun Murai Vice President, Keio University, Japan
Prof. Hiroshi Esaki, Graduate School of Information and Technology, The University of Tokyo, Japan
Prof. Youn-Woo Lee, Seoul National University, Korea
Prof. Yunfa Chen, Institute of Process Engineering, Chinese Academy of Sciences, China
Prof. Ashwani K. Gupta, Department of Mechanical Engineering, University of Maryland, U.S.A.
Dr. Viendra Kumar Vijay, Centre for Rural Development and Technology, Indian Institute of Technology Delhi
India
® Prof. Somrat Kerdsuwan, The Waste Incineration Research Center, King Mongkut's University of Technolog
North Bangkok, Thailand
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Dr. Kardono, Environmental Technology Center, BPPT, Indonesia

e Prof. Fangming Jin, Institute of Carbon Cycle Technology / School of Environmental Science & Engineering,
Tongji University, China

Prof. Sang Chun Lee, Nanoscience and Technology Department, Kyungnam University, Korea

Prof. Guibin Jiang, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, China

Prof. Yanqing Wu, Shanghai Jiao Tong University, China

Prof. Yusheng Xie, Institute for Process Engineering, Chinese Academy of Sciences, China

Prof. Jen-Shih Chang, McMaster University, Canada

Chairperson of the Scientific Committee
e Dr. Lorenz Hilty, Technology and Society Lab, Empa, Switzerland

Chairperson of the Industrial Committee
e Dr. Arthur Ruf, Swiss Academy of Engineering Sciences, SATW, Switzerland

Local Organizing Committee, Japan
Prof. Hideaki Itoh, EcoTopia Science Institute, Nagoya University, Japan (Chair)
Prof. Kenji Suzuki, EcoTopia Science Institute, Nagoya University, Japan (Vice Chair)
Prof. Kiichiro Hayashi, EcoTopia Science Institute, Nagoya University, Japan (Secretary General)
Ms. Fumika Ogawa, EcoTopia Science Institute, Nagoya University, Japan (Secretary)
Prof. Tsuneo Matsui, EcoTopia Science Institute, Nagoya University, Japan
Prof. Kuniyuki Kitagawa, EcoTopia Science Institute, Nagoya University, Japan
Prof. Arata Katayama, EcoTopia Science Institute, Nagoya University, Japan
Prof. Masaaki Katayama, EcoTopia Science Institute, Nagoya University, Japan
Prof. Takanori Nagasaki, EcoTopia Science Institute, Nagoya University, Japan (2009.7 - )
Prof. Tatsuya Hasegawa, EcoTopia Science Institute, Nagoya University, Japan
Prof. Michiko Kusuncki, EcoTopia Science Institute, Nagoya University, Japan
Prof. Youichi Enokida, EcoTopia Science Institute, Nagoya University, Japan
Prof. Kazuo Tateishi, EcoTopia Science Institute, Nagoya University, Japan
Prof. Ryouichi Ichino, EcoTopia Science Institute, Nagoya University, Japan (2009.4 -)
Prof. Nobuo Kawaguchi, Nagoya University, Japan
Prof. Rei Hino, EcoTopia Science Institute, Nagoya University, Japan
Prof. Akira Sakakura, EcoTopia Science Institute, Nagoya University, Japan
Prof. Yuji Arita, EcoTopia Science Institute, Nagoya University, Japan (2008.10 - 2009.2)
Prof. Tsunehiro Takeuchi, EcoTopia Science Institute, Nagoya University, Japan
Prof. Tetsuya Kitagawa, EcoTopia Science Institute, Nagoya University, Japan (2008.10 - 2009.3)
Prof. Kayo Sawada, EcoTopia Science Institute, Nagoya University, Japan (2009.3 - 2009.7)
Prof. Yasushi Inoue, EcoTopia Science Institute, Nagoya University, Japan
Mr. Fumio Izawa, EcoTopia Science Institute, Nagoya University, Japan (2008.10 - 2009.3)
Mr. Shinichirou Matsuoka, EcoTopia Science Institute, Nagoya University, Japan (2009 4-)
Mr. Yasuo Fukunaga, Aichi Prefectural Government, Japan (2009.7 - )
Mr. Ka-uhiro Kaba, Nagoya Municipal Government, Japan (2009.7 - )
bservers:
Prof. Minoru Fujii, EcoTopia Science Institute, Nagoya University, Japan
Dr. Hideyuki Ito, EcoTopia Science Institute, Nagoya University, Japan
MTr. Aritsune Kino, Nagoya Convention & Visitors Bureau, Japan
Ms. Sayaka Hotta, JTB Support Chubu, Japan
Ms. Arisa Ohmura, JTB Support Chubu, Japan
MIK International, Japan

OOOOOOO....O...........0..0......

Local Organizing Committee, Switzerland

Mr. Martin Lehmann, Technology and Society Lab, Empa, Switzerland (Chair)
Dr. Martin Birtel, Technology and Society Lab, Empa, Switzerland

Dr. Vlad Coroama, Technology and Society Lab, Empa, Switzerland/Brasil
Mr. Kristijan Kelava, Technology and Society Lab, Empa, Switzerland

Ms. Therese Meier-Bracher, Technology and Society Lab, Empa, Switzerland
Ms. Maria Schénenberger, Empa, Switzerland
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Local Executive Committees, Japan

Accountancy Subcommittee

Prof. Takanori Nagasaki, EcoTopia Science Institute, Nagoya University, Japan
Ms. Maria Takeuchi, EcoTopia Science Institute, Nagoya University, Japan
Prof. Hideaki Itoh, EcoTopia Science Institute, Nagoya University, Japan

Prof. Kuniyuki Kitagawa, EcoTopia Science Institute, Nagoya University, Japan

i

Editorial Subcommittee

e Prof. Yasushi Inoue, EcoTopia Science Institute, Nagoya University, Japan
Prof. Takashi Itoh, EcoTopia Science Institute, Nagoya University, Japan
Prof. Noriyuki Kobayashi, EcoTopia Science Institute, Nagoya University, Japan
Prof. Yoshihiro Kojima, EcoTopia Science Institute, Nagoya University, Japan
Prof. Rei Hino, EcoTopia Science Institute, Nagoya University, Japan
Prof. Ryo Sasai, EcoTopia Science Institute, Nagoya University, Japan
Dr. Tsuyoshi Itakura, EcoTopia Science Institute, Nagoya University, Japan
Prof. Ryouichi Ichino, EcoTopia Science Institute, Nagoya University, Japan
Prof. Kazuo Tateishi, EcoTopia Science Institute, Nagoya University, Japan
Prof. Kiichiro Hayashi, EcoTopia Science Institute, Nagoya University, Japan

Program Subcommittee

Prof. Kazuo Tateishi, EcoTopia Science Institute, Nagoya University, Japan
Prof. Yasushi Inoue, EcoTopia Science Institute, Nagoya University, Japan
Prof. Kiichiro Hayashi, EcoTopia Science Institute, Nagoya University, Japan
Prof. Kenji Suzuki, EcoTopia Science Institute, Nagoya University, Japan
Prof. Ryouichi Ichino, EcoTopia Science Institute, Nagoya University, Japan

Site Management Subcommittee
e Prof. Tsunehiro Takeuchi, EcoTopia Science Institute, Nagoya University, Japan
¢ Prof. Rei Hino, EcoTopia Science Institute, Nagoya University, Japan
e Prof. Akira Sakakura, EcoTopia Science Institute, Nagoya University, Japan
e Prof. Tomoko Yoshida, EcoTopia Science Institute, Nagoya University, Japan
e Prof. Ryo Sasai, EcoTopia Science Institute, Nagoya University, Japan
e Prof. Yasushi Inoue, EcoTopia Science Institute, Nagoya University, Japan

Pre-WRF Subcommittee 3
Prof. Kiichiro Hayashi, EcoTopia Science Institute, Nagoya University, Japan 2
Prof. Minoru Fujii, EcoTopia Science Institute, Nagoya University, Japan

Dr. Hideyuki Ito, EcoTopia Science Institute, Nagoya University, Japan

Prof. Hideaki Itoh, EcoTopia Science. Institute, Nagoya University, Japan

Ms. Fumika Ogawa, EcoTopia Science Institute, Nagoya University, Japan

JTB Support Chubu, Japan '

Information Communication Subcommittee

e Prof. Masaaki Katayama, EcoTopia Science Institute, Nagoya University, Japan
Prof. Nobuo Kawaguchi, Nagoya University, Japan
Prof. Rei Hino, EcoTopia Science Institute, Nagoya University, Japan
Prof. Hideaki Itoh, EcoTopia Science Institute, Nagoya University, Japan
Cisco Systems Inc.
Kyoiku Sangyo Co.

Public Information Subcommittee
* Prof. Ryouichi Ichino, EcoTopia Science Institute, Nagoya University, Japan
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Maximize Utility of Rubber Latex Lutoid for Planting Para rubber with Safety Dose of Cd,
Pb, Mn, and Zn
Siriratpiriya Orawan ', Chuaygud Suthon 2 and Chobkatanyoo Sattapong
' Chulalongkorn University, Thailand

? Suratthani Rajabhat University, Thailand
Orawan.Si@Chula.ac.th

Rubber latex lutoid is generally produced 3.34 kg/ton latex as a byproduct of processing concentrated latex
from latex of para rubber tree. On the one hand, chemical composition of rubber latex lutoid consists of
essential elements (N, P, K, Mg, Fe, Zn, Cu, Mn, etc.) for plant. On the other hand, it is contaminated with toxic
heavy metals (Cd, Pb, etc.). Currently, rubber latex lutoid is a problematic waste in factory and vicinity due to
odor, and leachate, while its dumping lead to air, soils and water pollution. Rubber latex lutoid, therefore
possesses not only advantageous properties supporting plant growth but also the ability to inhibit plant growth
such as heavy metals. With the feasibility of using rubber latex lutoid for environmentally sound disposal, it is
essential to evaluate the threshold of replacement fertilizer with rubber latex lutoid.

Field experiment using rubber latex lutoid for planting para rubber stock and for nursering poly-bag rubber was
therefore conducted at agriculture area tambon Saikhueng, Phrasang district, Suratthani province. The
experimental design was Randomized Complete Block Design (RCBD) with 5 replications. The treatments
include organic fertilizer, chemical fertilizer, organic and chemical fertilizer, rubber latex Lutoid, and rubber
latex lutoid plus chemical fertilizer. The budded stump RRIM 600 was planting technique. The result indicated
that chemical fertilizer and organic fertilizer could be replaced by rubber latex lutoid equally or better off
significantly. Evidently, organic matter, major elements (N, P, K) and minor element (Mg) were sufficient to the
growth (tall, diameter, size of canopy and biomass of root) of para rubber stock and poly-bag rubber
significantly. While the total and available concentration of Cd, Pb, Mn, and Zn in the soils were within safety
levels. Moreover, investment cost by using rubber latex lutoid was up to 8 times lower than that of organic
fertilizer and chemical fertilizers, which is about 40% of total rubber farming cost.

In conclusion, rubber latex lutoid can be used as soil amendment to improve physical properties of the soil and
to avail as nutrients source for growth of para rubber stock and for nursering poly-bag rubber with safe dose at
the rate of 150 kg/rai (1 ha = 6.25 rai) and at the ratio soils: rubber latex lutoid = 3:1, respectively. Therefore,
waste from processing concentrated latex can be treated and managed in the form of raw material applied for
maximum utility in planting para rubber safely by control toxicity part kept abreast of beneficial part for
utilization. This could be an alternative for environmentally sound disposal of agricultural byproducts that cut
waste, save energy and reduce greenhouse gas emissions.

Key words: Rubber Latex Lutoid, Planting Para rubber, Safety Dose, Heavy Metals
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Abstract

Rubber latex lutoid, a by-product of processing concentrated latex from fresh latex, consists
of macro elements (N, P, K) but contaminated with heavy metals (Cd, Pb, Mn, Zn). To clarify
the feasibility fof environmentally sound disposal, the field experiment using rubber latex
lutoid for planting Para rubber stock and for nursering poly-bag rubber was therefore
conducted at agricultural area, Suratthani province. The experimental design was
Randomized Complete Block Design (RCBD) with 3 and 5 replications respectively. The
budded stump RRIM 600 was planting technique.

The result indicated that chemical fertilizer and organic fertilizer could be replaced by rubber
latex lutoid equally or better off significantly. Evidently, organic matter and macro elements
(N, P, K) were sufficient to the growth (height, diameter, size of canopy and biomass of root)
of Para rubber stock and poly-bag rubber significantly. While the total concentration of Cd,
Pb, Mn, and Zn in the soils were within safety levels. Moreover, investment cost by using
rubber latex lutoid was 2-5 times lower than that of organic fertilizer and chemical fertilizers,
which is about 40% of total Para rubber plantation cost. This could be an alternative for
recycling agro-industrial waste by treated and managed in the form of raw material.

Keywords: Rubber Latex Lutoid, Planting Para rubber, Safety Dose, Heavy Metals

1 Introduction

At present, Thailand produces and exports natural rubber to the world market at the first
rank. The production of natural rubber 3.137 million tonnes/ year from planting area 14,338
million rai (1 ha=6.25 rai) is not high (Rubber Research Institute, 2007) partly due to lacking
of appropriate fertilizers. In practical, Thai farmers apply 11.2 Kg macro nutrients (N, P, K)
/railyr while 42.4 Kg is recommended. One of major causes is that they could not afford the
price of fertilizer which is around 40 % of total cost for Para rubber plantation (Kungpisdan,
2004). Therefore, nutrient in the soil of Para rubber tree is imbalance based on 1 ton of
natural rubber consists of 20 Kg nitrogen (Tol.N), 5 Kg phosphorus (P as P,0s), and 25 Kg
potassium (K as K,0). This is equal to 286,000 tonnes of fertilizer (20-11-30) removed from
Para rubber planting area in term of latex (Department of Agriculture, 2005).

Whilst rubber latex lutoid, a by-product of processing concentrated latex from fresh latex of
Para rubber tree, can be a nutrient source due to the content of nitrogen (Tol.N) 1.18-2.81%,
phosphorus (P,0s) 3,794-15,702 ppm, and potassium (K;O) 1,398-30,400 ppm. (Tekprasit,
2000; Phonphan, 2004). It was utilized as a soil amendment for planting manila grass which
increased growth equal to adding chemical fertilizer (Tekprasit, 2000).

In general, rubber latex lutoid is generated from concentrate latex industry around 1% by
weight of dry rubber content (DRC) in fresh latex. It consists of zinc (Zn) due to preservation



and stabilization fresh latex with zinc oxide (ZnO). In addition, around 1% impurity in zinc
oxide has cadmium (Cd), lead (Pb), Iron (Fe), and manganese (Mn). Besides, rubber latex
lutoid is currently a problematic waste in factory and vicinity because of odor, leachate and
its dumping lead to air, soils and water pollution. With the feasibility of using rubber latex
lutoid for environmentally sound disposal, it is essential to evaluate the safe threshold of
replacement fertilizer with rubber latex lutoid for maximum utility of its beneficial part. Hence,
waste from processing concentrated latex can be recycled as a raw material back to Para
rubber tree plantation.

2 Materials and Methods

The field experiment was conducted at agricultural area tambon Saikhueng, Suratthani
province. The experiment for planting Para rubber was devided into two phases. The first
one was planting Para rubber stock with rubber latex lutoid at the same rate of chemical
fertilizer (0-3-0) recommended at 150 kg/rai (1 ha=6.25 rai). The experimental design was
Randomized Complete Block Design (RCBD) with 3 replications. The plot size was 2x5 m.
Duration of planting was 6 months. The second phase was nursering poly-bag rubber with
the ratio soil: soil amendment (rubber latex lutoid, organic fertilizer) = 3: 1 by volume. The
experimental design was Randomized Complete Block Design (RCBD) with 5 replications.
The size of poly-bag was 11.5x35 cm. The treatments include organic fertilizer, chemical
fertilizer (20-8-20), rubber latex lutoid and its combinations. The application of chemical
fertilizer (20-8-20) followed the recommened rate at 5 g/poly-bag. The budded stump RRIM
600 was planting technique. The period for nursering was 90 days. Vernia Callipper and
ruler were used for measure growth. The soil extractant was tri-acid (HNO3;+H,SO4+HCIO,).
Heavy metals were determined by atomic absorption spectrophotometry. The data obtained
were used in the analysis of variance for computing the F-value. The data which showed at
least 0.05 significant difference, comparison of the difference among treatments was done by
Duncan’s New Multiple Rang Test (DMRT).

3 Results and Discussion |
Y

The soil in this experiment was very strongly acid (pH=4.53) and the fertility was low when
the content of organic matter (0.71%) and amount of macro nutrients (Tol.N=0.04 %, P as
P,0s=4.37 ppm, K as K,0=41.38 ppm) were compared with fertility standard of Land
Development Department (2002). The content of heavy metals in the soil (Cd < 0.1, Pb=0.5,
Mn=3.88, Zn=1.00 ppm) was far from creating toxic problem, based on background
concentrations in agricultural soil. The organic fertilizer was slightly acid (pH=6.17) and can
be decomposed easily due to C: N=7.6: 1. The content of organic matter (12.05%) and of
macro nutrients (Tol.N=0.75%, P as P,0s=2,941.9 ppm, K as K,0=1,420.0 ppm) were
considered as high level compared with standard for organic fertilizer (Department of
Agriculture, 2005). The heavy metals concentration in the organic fertilizer (Cd < 0.1,
Pb=0.5, Mn=3.43, Zn=180.00 ppm) were within the Thai standard of soil quality for residence
and agriculture under Committee Environment Nation notice (series 25; 2004). Rubber latex
lutoid was moderately alkaline (pH=8.31) and can be decomposed easily (C: N=10.03: 1). In
addition, its fertility was very high because of high content of organic matter (23.76%) and
macro nutrients (Tol.N=1.18%, P as P,05s=15,702.13 ppm, K as K,0=1,398.00 bpm). The
heavy metal concentrations in the rubber latex lutoid (Cd < 0.1, Pb=0.5, Mn=2.63, Zn=150.00
ppm) were within the Thai standard and also within the acceptable dose as compared with
the CEC directive recommended for heavy metals in the sludge for agriculture (Webber et
al., 1984). As a result, rubber latex lutoid has been called rubber sludge.



3.1 Effect on Growth

The growth of Para rubber stock at the age of 6 months is ready to be budded stump and
used for planting poly-bag rubber. Figure 1 illustrates that the height of Para rubber stock
applied with rubber latex lutoid was better than that of fertilizer significantly while the
difference in diameter did not showed.

Control

Fertilizer

Rubber Latex
Lutoid

<

\

Height (cm)

Figure 1: The growth of Para rubber stock applied with rubber latex lutoid.

The growth of poly-bag rubber at 90 days (Figure 2) which is time for plantation indicated that
application of rubber latex lutoid resulted in good growth (height, diameter, size of canopy,
biomass of root) equal to that of organic fertilizer plus chemical fertilizer. The best growth
occurred when rubber latex lutoid applied with chemical fertilizer.
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Figure 2: The growth of poly-bag rubber applied with rubber latex lutoid (RLL).

This is probably because the mixture provided soil pH (Table 1) with in the range of 4.5-5.5
that most suitable for the growth of Para rubber tree, though the Para rubber tree can grow
under soil pH 3.8-6.0 (Department of Agriculture, 2006). In addition, availability of nutrient
from slow release of rubber latex lutoid was sufficient due to C: N ratio and high content of
macro nutrients (N, P, K) compared with recommended level of nutrients for the soils planting
Para rubber tree (Thainugul, 1986). Moreover, the growth of Para rubber stock and of poly-
bag rubber was within standard of Department of Agriculture (2006).



3.2 Potential of Replacement

The potential of rubber latex lutoid to replace fertilizer in this study was evaluated from the
chemical properties of the soils when Para rubber stock aged at 6 months and poly-bag
rubber aged at 90 days. The assessment based on 1) the content of organic matter and the
amount of macro nutrients (N, P, K) for replacement of organic fertilizer and chemical
fertilizer respectively, and 2) heavy metals concentration in the soils for consideration as
safety dose. The investment cost was also considered for practical work.

Replacement organic fertilizer

The content of organic matter in the soil (Table 1) showed that there was non significant
difference between applied rubber latex lutoid and fertilizer (0-3-0) for planting Para
rubber stock. For poly-bag rubber, it was clear that organic fertilizer and chemical
fertilizer can be replaced significantly by rubber latex lutoid. The content of organic
matter in the poly-bag even sufficient for plantation without adding organic fertilizer as a
result high level of organic matter in the soil (>4.5%; Land Development Department,
2002).

Replacement of Chemical Fertilizer

The amount of nitrogen (Tol.N), phosphorus (P as P,0s), and potassium (K as K,O0)
indicated that fertilizer (0-3-0) could be replaced by rubber latex lutoid for planting Para
rubber stock (Table 1). Based on recommended level of nutrients in the soils planting
Para rubber tree (Thainugul, 1986), nitrogen content was moderate, phosphorus content
was high while the content of potassium was low. In the case of poly-bag rubber, organic
fertilizer or organic fertilizer plus chemical fertilizer could be replaced by rubber latex
lutoid. The content of nitrogen, phosphorus and potassium were high level compared
with Thainugul (1986) and Moncharoen (1979). That is to say it is unnecessary to add
basal fertilizer (0-3-0) at 170 g/tree when poly-bag rubber was moved to plantation area.
Rubber latex lutoid will be slow release the macro nutrients (N, P, K) due to C: N ~ 10: 1
and organic matter induced organic acid or carbonic acid lead to supplement availability
of phosphorus and potassium.

Heavy Metals Concentration b

The contamination of cadmium (Cd), lead (Pb), manganese (Mn) and zinc (Zn) because
of adding zinc oxide (ZnO) for preservation and stabilization fresh latex has concerned
people and made them hestitate to utilize rubber latex lutoid. It was proved that content
of the heavy metals in the soils from planting Para rubber stock at 6 months and from
poly-bag rubber at 90 days (Cd <0.1, Pb=0.5, Mn=1.53-9.10, Zn=0.30-87.75 ppm) were
far from creating problem when compared with the standard of agricultural soil (Cd=3.5,
Pb=500, Mn=1,800, Zn=300 ppm).

Investment Cost

Under the same condition and application rate of planting Para rubber stock and poly-
bag rubber at the study area Suratthani province, the cost for comparison included labor
work, transportation and price of fertilizer. As a result, rubber latex lutoid was a
complementary from the Inter Rubber Latex factory. The preparation cost for 3,000 kg
7-day sun dried rubber latex lutoid with 44.5% moisture content was 1.8 baht/kg
(1 USD=35 Baht). This calculation based on 155 baht/day (8 hour) labor work cost at
Suratthani province. The transportation cost from the factory to study area (120 km) was
500 baht/ton rubber latex lutoid (or 0.5 baht/kg). Hence, the investment cost of
application 150 kg rubber latex lutoid /rai was 345 baht whilst the price of 0-3-0 fertilizer
(5 baht/kg) was 750 baht at the same application rate. For poly-bag rubber, the



investment cost /poly-bag was 0.58 baht in case of rubber latex lutoid and 0.65 baht with
chemical fertilizer added, while the price of organic fertilizer/poly-bag was 2.75 baht and
3.07 baht with chemical fertilizer added.

Table 1: Chemical properties of soil planted Para rubber stock and poly-bag rubber with application of
rubber latex lutoid.

Chemical Properties of Soil

Treatment

pH

oM
(%)

N (Tol.N)
(%)

P (P20s)
(ppm)

K (K,0)
(ppm)

Planted Para rubber Stock at 6 months

Control L 4522 0.52° 0.03? 3.37°2 11.70°
Fertilizer 4.50° 1.27a° 0.042 16.97° 14.632
Rubber Latex Lutoid 5.092 3.59° Qif2° 33.40° 23.57°
F-Value 1.31NS 358.4" 3.39° 7.04° 6.97

%
Planted Poly-bag Rubber at 90 days

Control 4.55° 0.29° 0.02? 2.79% 15.672
Organic Fertilizer 5.67° 2.88° 0.08° 1,782.17° | 657.33°
Rubber Latex Lutoid 6.13° 6.60° 0.25° 1,937.53° 621.49°
Organic Fertilizer + 5.56° 3.20° 0.12° 1,951.50° | 665.67°
Chemical Fertilizer

Rubber Latex Lutoid 5.85% 7.01¢ 0.29° 1,967.75° 637.22°
+ Chemical Fertilizer

F-Value 17.04" 857.5° 16.50" 5734.1" 762.8"

Number followed by the same letters is not significantly different at the 0.05 level according to DMRT.

4 Conclusions

Rubber latex lutoid can be used as a soil amendment to supply nutrients for the growth of
Para rubber stock and for planting poly-bag rubber with safety dose of Cd, Pb, Mn and Zn at
the rate 150 kg/rai (1 ha = 6.25 rai) and at the ratio by volume of soil: rubber latex lutoid = 3:1
respectively. The content of organic matter and macro nutrients (N, P, K) were sufficient to
the growth (height, diameter, size of canopy, biomass of root) of Para rubber tree. Rubber
latex lutoid can be potentially used as organic fertilizer and chemical fertilizer substitutes and
sufficient enough for the next crop. The investment cost was 2-5 times lower. Therefore,
waste from processing concentrated latex can be treated and managed in the form of raw
material applied for maximum utility in planting Para rubber tree safely. This could be an
alternative for environmentally sound disposal of agro-industrial waste that cut waste, save
energy and reduce greenhouse gas emissions.
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